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Abstract 
Here we report the synthesis and discovery of superconductivity in a novel 
ternary iridium-arsenide compound BaIr2As2. The polycrystalline BaIr2As2 sample 
was synthesized by a high temperature and high pressure method. Crystal structural 
analysis indicates that BaIr2As2 crystallizes in the ThCr2Si2-type layered tetragonal 
structure with space group I4/mmm (No. 139), and the lattice parameters were refined 
to be a = 4.052(9) Å and c = 12.787(8) Å. By the electrical resistivity and magnetic 
susceptibility measurements we found type-II superconductivity in the new BaIr2As2 
compound with a Tc (critical temperature) of 2.45 K, and an upper critical field 
0Hc2(0) about 0.2 T. Low temperature specific heat measurements gave a Debye 
temperature about 202 K and a distinct specific jump with Ce/γTc = 1.36, which is 
close to the value of BCS weak coupling limit and confirms the bulk 
superconductivity in this new BaIr2As2 compound. 
  
1. Introduction 
The ThCr2Si2-type materials represent a large number of layered ternary 
intermetallic compounds consisting of transition metal elements, which have been 
intensively investigating for their rich physical phenomena mainly originating from 
the transition elements [1, 2]. The crystal structure of these materials is formed by 
Cr2Si2-type layers separated by other metal atoms, with Cr atoms forming a square 
lattice coordinated by Si atoms. In these compounds the lately discovered 
iron-pnictide high-Tc superconductors AFe2As2 (A = Ca, Sr, Ba, Eu, etc.) have the 
highest superconducting Tc up to 49 K by carrier doping, and superconductivity in 
them emerges after the suppression of the spin density wave (SDW) magnetic order 
on the Fe square lattice by means of chemical doping, external pressure or internal 
crystal defects, etc. [3-8]. Besides the iron pnictides, superconductivity was also 
reported in some iron-free ThCr2Si2-type compounds formed with other transition 
metals, such as SrNi2As2, CeCu2Ge2, LaRu2As2, BaRh2P2, APd2As2 (A = Ca, Sr and 
Ba), etc. [9-14]. 
Due to the strong spin-orbit coupling effect, the 5d transition metal compounds 
have been widely studied for exotic superconductivity. For instance, the 
pressure-induced superconductivity was found in the Mott insulator 1T-TaS2 [15], the 
anomalously large superconducting upper critical field exists in noncentrosymmetric 
CePt3Si [16], the possible high-Tc superconducting anomalies was studied on the 
surface of NaxWO3 [17], and superconductivity was also found in the geometrically 
frustrated pyrochlore oxides Cd2Re2O7 and AOs2O6 (A = K, Rb, Cs) [18-21]. For the 
Mott insulator Sr2IrO4, it was recently proposed to be a possible candidate for 
realizing high-Tc superconductivity by electron-doping very similar to the cuprates 
[22]. The intermetallic compound Lu5Ir4Si10 is superconducting below 3.9 K and also 
exhibits a strongly coupled charge density wave (CDW) transition at 83 K [23]. For 
irridium-containing compounds, superconductivity was also reported in some other 
materials, such as IrSe2, Cu1-xZnxIr2S4, CeIrSi3, ScIrP, LaIrP and LaIrAs, etc. [24-28], 
and the ternary ThCr2Si2-type BaIr2P2 and SrIr2As2 were found to be superconducting 
at around 2.1 K and 2.9 K respectively [29]. 
In this letter, we report the synthesis of a new ThCr2Si2-type iridium pnictide 
compound BaIr2As2 using the high pressure synthesis method. Bulk superconductivity 
at 2.45 K was revealed in BaIr2As2 by the characterizations of resistivity, magnetic 
susceptibility and specific heat properties. 
2. Experimental details 
The polycrystalline BaIr2As2 samples were prepared by a high temperature and 
high pressure synthesis method. Firstly, the BaAs and IrAs precursors were prepared 
from the respective elements in evacuated silica tubes at 700 °C for 20 hours. 
Secondly, the fine powders of BaAs, IrAs and Ir were mixed together by the molar 
ratio of 1:1:1, then ground thoroughly and pressed into small pellets. The pellets were 
placed in a boron nitride capsule and then sintered at 950 °C and a pressure of 2 GPa 
for 2 hours using a piston-cylinder type high pressure synthesis apparatus. The 
obtained samples are black in color and very unstable in air, but stable in inert 
atmosphere for months. All the sample preparation and handling processes were 
performed in an argon filled glove box. 
The samples were characterized by powder X-ray diffraction (XRD) method on a 
PAN-analytical X-ray diffractometer with Cu-Kα radiation at room temperature for 
crystal structure determination and phase analysis. The crystal structure was refined 
by the Rietveld analysis using GSAS program. The temperature dependence of 
resistivity was measured by the standard four-probe method using a PPMS system 
(Physical Property Measurement System, Quantum Design). The temperature 
dependence of DC magnetic susceptibility was measured using an MPMS system 
(Magnetic Property Measurement System, Quantum Design). 
3. Results and discussion 
The room temperature XRD patterns for a high pressure synthesized BaIr2As2 
polycrystalline sample are shown in Fig. 1. Minor impurity phase of unreacted Ir was 
observed from the XRD peaks, which were always inevitable in our experiments due 
to the low activity of Ir elements. The main diffraction peaks were well indexed based 
on the layered ThCr2Si2-type tetragonal crystal structure with the space group I4/mmm 
(No. 139), in which the Ir2As2 layers are separated by the Ba atoms, as depicted in the 
inset of Fig. 1. The crystal structure of the BaIr2As2 phase was refined by the Rietveld 
analysis, and the obtained lattice parameters are a = 4.052(9) Å and c = 12.787(8) Å, 
which are both much larger than those of BaIr2P2 from previous report [12, 29]. The 
chemical composition was also confirmed by the energy-dispersive spectroscopy 
(EDS) method, with the average atomic ratio of Ba:Ir:As close to 1:2:2 within the 
instrumental error. 
In Fig. 2(a) we show the temperature dependence of resistivity for the BaIr2As2 
sample within the temperature range from 1.8 K to 300 K. The resistivity curve shows 
a metallic behavior at normal state, and followed by a sharp superconducting 
transition at low temperature. The onset superconducting critical temperature Tc(onset) 
is 2.45 K, and zero resistivity is attained at 2.35 K, with a narrow transition width of 
0.10 K. Fig. 2(b) shows the temperature dependence of resistivity under various 
magnetic fields below 3 K. The Tc(onset) shifts towards the low temperature side with 
increasing applied magnetic field and at last superconductivity is suppressed at 1.8 K 
under a field of 800 Oe, indicating a small critical field for BaIr2As2. The upper 
critical field 0Hc2(T) was determined by the field dependence of resistive Tc(onset) as 
shown in the inset of Fig. 2(a). The 0Hc2(T) data were fitted by the Ginzburg-Landau 
theory, given that Hc2(T) = Hc2(0)(1 - t
2
)/(1 + t
2
), where t = T/Tc is the reduced 
temperature and 0Hc2(0) is estimated to be 0.20 T, which is close to that of the 
isostructural BaIr2P2 superconductor [12]. 
The DC magnetization for the BaIr2As2 sample was measured between 1.8 K and 
300 K with both zero-field-cooling (ZFC) and field-cooling (FC) methods under a 
magnetic field of 10 Oe, as shown in Fig. 3(a). The sharp diamagnetic 
superconducting transitions were observed at 2.45 K in both ZFC and FC modes, 
corresponding to the same value as determined from the resistive transition. The 
estimated superconducting shielding volume fraction from ZFC data is about 92% at 
1.8 K, indicating the bulk superconductivity of the sample. Above the 
superconducting transition to room temperature, the magnetic susceptibility shows 
paramagnetic behavior and no long-range magnetic order is observed. The isothermal 
magnetization curve at 1.8 K was measured and presented in Fig. 3(b), and the 
magnetic hysteresis behavior indicates that the BaIr2As2 compound is a typical type-II 
superconductor. 
To further clarify its superconducting properties, the low temperature specific 
heat of BaIr2As2 sample was measured from 1.8 K to 5 K under magnetic fields of H 
= 0 and 2 T respectively, as plotted in Fig. 4(a). A sharp specific heat jump happening 
at 2.4 K supports the bulk nature of superconductivity, and this jump was suppressed 
under the field of 2 T which exceeds the superconducting upper critical field. At the 
normal state Cp/T was well fitted with the formula Cp/T = γ + βT
2
 + δT4, which gave γ 
= 14.6(0) mJ/mol K
2
, β = 1.17(5) mJ/mol K4 and δ = 10.7(8) μJ/mol K6. The Debye 
temperature deduced from β is 202 K, which is comparable to that of BaIr2P2 [12]. 
The electronic contribution of specific heat Ce was obtained by subtracting the lattice 
contribution from Cp, and the curve Ce/T versus T was plotted in Fig. 4(b). The 
specific heat jump at Tc was evaluated to be Ce/γTc = 1.36, which is close to the BCS 
weak coupling limit value of 1.43. 
In conclusion, we successfully synthesized a new ternary ThCr2Si2-type BaIr2As2 
compound by a high pressure synthesis method and systematically characterized its 
physical properties. Low temperature resistivity, magnetization and specific heat 
measurements revealed that the BaIr2As2 is a type-II bulk superconductor with a Tc of 
2.45 K. 
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Figure Captions: 
Figure 1: Powder XRD patterns with Rietveld-refinement for the BaIr2As2 sample. 
The inset shows a unit cell of the crystal structure. 
Figure 2: (a) The temperature dependence of resistivity for the BaIr2As2 sample. The 
inset shows the upper critical field 0Hc2. (b) Expanded plots of the resistivity 
transition under variable magnetic fields. 
Figure 3: (a) The temperature dependence of magnetic susceptibility for the BaIr2As2 
sample. The inset shows the expanded curve at the transition. (b) The isothermal 
magnetization curve for the BaIr2As2 sample at 1.8 K. 
Figure 4: (a) The specific heat Cp/T versus T
2
 for 1.8 K < T < 5 K under the fields of 0 
and 2 T, and the dotted line represents a fit by Cp/T = γ + βT
2
 + δT4. (b) The electronic 
contribution of specific heat Ce/T versus T for 1.8 K < T < 5 K.  
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